APPARATUS AND METHOD FOR COUPLING THERAPEUTIC AND/OR 
MONITORING EQUIPMENT TO A PATIENT 



CROSS-REFERENCE TO RELATED APPLICATIONS 

This appUcation is a continuation-in-part of: (l)U.S. AppUcation 
NO. 09/452,477. titied 'Tercutaneo^^EIecMcal TJera^ 

Con»oV filed December 1. .999>d (2') U.S. Application No^09/666.931. tided ,Me*o^, 
and Apparatiis for Repositioning a Percuti«.eous Probe" ffled September 21. 2000^. both 
incorporated herein in tiieir entireties by reference. 

TECHNICAL FIELD 

This invention relates generally to apparatiises and mefliods for coupling 
therapeutic and/or monitoring equipment to a patient. 

BACKGROUND 

Elecnical flierapy has long been used in medicine to tieat pain and oflier 
conditions. For example, tiansoutaneous eleotiical nerve stimulation (TENS) systems deliver 
electrical energy tiuough electiode patches placed on tiie surface of a patienfs skm to treat 
pain in tissue beneath and around the location of tite patches. However, the TENS systems 
may not adequately alleviate pain in certain circumstances. 

More recently, a technique in which electrodes are placed fluough the patiem's 
skin into Uie target tissue has been proposed. Percutaneous Neuromodulation Therapy 
(••PNT-) (also sometimes called Percutaneous Electrical Nen-e Stimulation or "PENS") usmg 
percutaneously placed electrodes achieves significantly better pain rcUef results ti>an TENS 
treatments using skin surface electiodes. This thempy is described in Ghoname et al, 
"Percutaneous Electiical Nerve Stimulation for Low Back Pain," JAMA 281.818-23 (1999); 
Ghoname e, al, "The Effect of Stimulus Frequency on flie Analgesic Response to 
Percutaneous Electrical Nem Stimulation in Patients with Chronic Low Back Pain," Anesth. 
Analg. 88:841-6 (1999); Ahmed a al. "Percutaneous Electrical Nerve Stimulation (PENS): 
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A Complementary Th^y for the Management of Pain ^iindaiy to Bony Metastasis," 
Clinical Journal of Pain 14:320-3 (1998); and Ahmed et al, "Percutaneous Electrical Nerve 
Stimulation: An Alternative to Antiviral Drugs for Herpes Zoster," Anesth. Analg. 
87:91 1-4 (1998). The contents of these references are incorporated herein by reference. 

Thus far, PNT practitioners have used percutaneously placed acupuncture 
needles attached to waveform generators via cables and alligator clips to deUver the therapy 
to the patient. One feature of conventional PNT systems is that they typically include a 
number of electrical cables that must be properly connected to the corresponding 
percutaneous electrodes to deliver effective electrical therapy. Accordingly, a drawback with 
these conventional systems is that it can be difficult (particularly for inexperienced 
practitioners) to connect each electrical cable to the proper corresponding electrode. This 
drawback is shared as well by other systems that require multiple connections to the patient. 
Such systems include electrical monitoring systems and drug delivery systems. 

SUMMARY 

The invention is directed to apparatuses and methods for supporting therapeutic 
and/or diagnostic couplers for removable coupling to a recipient. An apparatus in 
accordance with one aspect of the invention can include a support member configured to rest 
on a body of the recipient proximate to a coupling region. The support member can include 
a first coupler location configured to removably carry a first coupler proximate to a first 
coupling position of the body of the recipient. The support member can fiirther include a 
second coupler location configured to removably carry a second coupler proximate to a 
second coupling position of the body of the recipient, hi one aspect of the invention, the 
support member can be spaced apart fi-om the fu-st and second coupling positions. In another 
aspect of the invention, the support member can be elongated along a support member axis 
and the first coupler location can be positioned closer than the second coupler location to the 
support member axis. In still another aspect of the invention, the first coupler location can 
be positioned closer than the second coupler location to the first coupling position. 
Accordingly, the apparatus can guide a practitioner to connect the couplers to the correct 
coupling position. 
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In anothSspect of the invention, the suppon member can be flexible and 
resiUent to conform to a surface of the body, and can be shaped to rest on at least one of a 
back, a neck, a head, and a leg of the recipient. The apparatus can further include a flexible 
Unk coupled between the first coupler and the support member. The Unk can remain 
comiected between the first coupler and the support member when the first coupler is moved 
from an attached position to a detached position and then to a coupled position with the 
coupler coupled to the body of the recipient. The link can include an electrical cable 
configured to be coupled to a source of electrical pulses, an electrical cable configured to be 
coupled to a signal monitor, and/or a length of tubing configured to be coupled to a source of 
liquid medicament. 

In yet another aspect of the invention, the first and second coupling positions 
can be two of a larger plurality of coupling positions and the first and second coupler 
locations can be two of a larger plurality of coupler locations. An outline of the coupling 
positions can defme a first shape and an outline of the coupler locations can define a 
corresponding second shape at least generally similar to the first shape. 

The invention is also directed toward a method for coupling therapy and/or 
monitoring equipment to a recipient. The method can include positioning a support member 
against a body of a recipient proximate to a coupling area, supporting a first coupler relative 
to the body at a first coupler location of the support member proximate to a first coupling 
position of the body, and supporting a second coupler relative to the body at a second 
coupler location of the support member proximate to a second coupling position of the body. 
In one aspect of the invention, the support member can be elongated along a support member 
axis and the first coupler location can be positioned closer than the second coupler location 
to the first coupling position and/or to the support member axis. In another aspect of the 
invention, the support member can be spaced apart from the first and second coupling 
positions. The method can fiirther include removmg the first coupler from the support 
member and coupling the first coupler to the body at the first coupling position, and 
removing the second coupler from the support member and coupling the second coupler to 
the body at the second coupling position. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figures lA-G are schematic renderings of a percutaneous electrical therapy 
system according to one embodiment of this invention. 

Figure lA "shows electrode and angle of insertion assemblies wherein the 
electrode is in an undeployed and uninserted state. 

Figure IB '^ws the electrode and angle of insertion assemblies of Figure lA 
during deployment but prior,to insertion of the electrode into a patient's tissue. 

Figure IC iows the electrode and angle of insertion assemblies of Figure lA 
during deployment and insertion of the electrode into the patient's tissue. 

Figure ID shows the electrode of Figure lA inserted into the patient's tissue. 

Figure IE sliows the electrode of Figure lA attached to a control unit to 
provide percutaneous electrical therapy. 

Figure IF shows the electrode and angle of insertion assemblies of Figure lA 
during undeployment but prior- to removing the electrode from the patient's tissue. 

Figure IG 'shows the electrode and sharp point protection assemblies of 
Figure lA during undeployment and after removing the electrode from the patient's tissue. 

Figures 2A-E are schematic renderings of a percutaneous electrical therapy 
system according to another embodiment of this invention. 

Figure 2A^^^ws a percutaneous electrical therapy system with electrode and 
angle of insertion assemblies wherein the electrode is in an undeployed and uninserted state. 

Figure IB-^^v^s the percutaneous electrical therapy system of Figure 2A 
during deployment, but pri^-to insertion, of the electrode. 

Figure 2C shows the percutaneous electrical therapy system of Figure 2A with 
the electrode in a deployed and inserted state. 

Figure 2D shows .the percutaneous electrical therapy system of Figure 2A 
during undeployment of the-'^lectrode. 

Figure 2E^ows the percutaneous electrical therapy system of Figure 2A after 
the electrode has-been undeployed. 

^--"^igure 3 shows an electrode montage for use in percutaneous neuromodulation 

therapy to treat low back pain. 
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Figure ^if^ exploded sectional view of an ilTctrode and angle of insertion 
assembly according to yet another embodiment of this invention. 

Figure-S-lTa partially exploded elevational view of the embodiment of 

Figure 4. 

Figure 6^is an elevational view of the embodiment of Figure 4 showmg the 
electrode and angle ofinsertion assemblies and a coupler. 

Figure 7/is a sectional view of the embodiment of Figure 4 showing the 
electrode and angle of insertion assemblies and a coupler. 

Figure 8.is a sectional view of the embodiment of Figure 4 showing the coupler 
in engagement with Ae electrode and angle of insertion assemblies prior to insertion of the 

electrode into a patient' s-tissue. 

Figure /is a sectional view of the embodiment of Figure 4 with the electrode 

in its deployed and inserted state. 

Figure follows a montage for using the embodiment of Figure 4 to treat low 
back pain with the electrodes in a partially deployed but uninserted state. 

Figure 11 sfiows the electrode montage of Figure 10 at the beginning of the 

electrode insertion step. / 

Figure 12 ihows the electrode montage of Figure 10 with the electrodes 
deployed, inserted and attaghed to a control miit to provide electrical therapy to the patient. 

Figure 13W exploded view of an electrode introducer and angle ofinsertion 
assembly of yet another embodiment of this invention. 

Figure (fis a partial sectional view of the introducer and angle of insertion 

assembly of Figure 13. 

Figure l/is a sectional view of the introducer and angle of insertion assembly 

of Figure 13. ^ 

Figure 16 is an elevational view of gear assemblies of the introducer and angle 

ofinsertion assembly of Figure 13. 

Figure 17<hows part of the electrode assembly of the embodiment of 
Figures 13-16 in a momage.used for treating low back pain using PNT. 

Figure 184^ an elevational view showing the introducer of Figure 13 in the 

process of deploying an electrode. 
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Figure f^a sectional view showing the introaucer of Figure 13 in the process 
of deploying an electrode, prior to insertion of the electrode. 

Figure lO^fa sectional view showing the introducer of Figure 13 in the process 
of deploying an electrode, dining insertion of the electrode. 

Figure lllfasectional view showing tiie inti-oducer of Figure 13 in the process 
of deploying an electrode^so during insertion of the electrode. 

Figure 2fis a sectional view of an inserted electrode assembly of the 

embodiment of Figure^,J:3^^ 

Figure 23 is a partially schematic, top isometric view of a coupler support in 

accordance with an embodiment of the invention. 

Figure 24As a partially schematic, top isometric view of a coupler support 
positioned on the back of a recipient in accordance with anotiier embodiment of the 
invention. 

Figure 2fn a partially schematic, top plan view of a support member 
positioned near coupling positions in accordance with another embodiment of tiie invention. 

Figure 26 & a top isometric view of a portion of a coupler support configured 
to support a coupler in accordance witii another embodiment of the invention. 

Figure ll'is & top isometric view of a portion of a coupler support having an 
aperture configured to receive a clamp-type coupler in accordance witii stiU another 

embodiment of the inventipn. 

Figure 28 is a top isometric view of a portion of a coupler support having a 
post configured to be clamped by a clamp-type coupler in accordance with yet another 

embodiment of the invention. 

Figure 29 is a partially schematic illustration of an arrangement that includes a 
coupler support configured to support couplers for receiving diagnostic information in 
accordance with yet another embodiment of the invention. 

Figure 30^rs a partially schematic illustration of an arrangement that includes a 
coupler support configured to support a plurality of couplers tiiat administer liquid 
medicament in accordance with still another embodiment of the invention. 
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DETAILED DESCRIPTION 

Percutaneous electrical therapy systems, such as PNT systems, deliver electric 
current to a region of a patient's tissue through electrodes that pierce the skin covering the 
tissue. The electric current is generated by a control imit extemal to the patient and typically 
has particular waveform characteristics such as frequency, amplitude and pulse width. 
Depending on the treatment or therapy being delivered, there may be one electrode 
containing both a cathode and an anode or a plurality of electrodes with at least one serving 
as a cathode and at least one serving as an anode. 

The electrode has a sharp point not only to facilitate insertion through the 
patient's skin but also to enhance local current density during treatment. The placement and 
location of the electrode point is therefore an important aspect of the therapy. The electrodes 
must also be properly coupled to the control unit to form a complete circuit for delivering 
therapeutic electric current to the patient. 

Figures lA-G are block diagrams showing deployment and use jot a 
percutaneous electrical therapy system and electrode assembly in accordanpe'with an 
embodiment of the invention. As shown in Figures 1 A and IB, the systepfcan include an 
electrode 1 having a sharp point 2 at its distal end and a housing 4>dToimding at least the 
sharp point 2 when the electrode is in its undeployed and uirnis^ircd states. The undeployed 
and uninserted states include pre-deployment and post-deptoyment states of the electrode 1. 
The housing 4 can have an aperture 5 at its distaL^fm. An actuator 6 can interact with a 
handle 1 1 at the proximal end of electrode 2 as^sKown to move the electrode 1. 

Deployment of the electro^;^sembly can include the steps taken to place the 
electrode assembly in proper positiop:^d condition for use in electrical therapy. Figure lA 
shows the electrode assembly iit^ undeployed (pre-deployed) state. During deployment, 
the distal face 7 of housip^ is placed against a patient's skin 22, as shown in Figure IB. 
This action supports ^^>Cmising 4 with respect to the patient's skin, thereby controlling the 
angle between housing and the patient's skin. Electrode 2 is then inserted through 
aperture 5 mto the tissue underlying the patient's skin by moving actuator 6 distally, as 
shown in^igure IC. As it moves, actuator 6 (and therefore electrode 2) is supported by 
housnig 4 to control the angle at which the electrode 1 enters into the patient's tissue. 

/ 
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The acJS 6 may have a lunit stop 9 elem^ ^operating with a Umit stop 
area 8 of the housing 4 to linut distal motion of the a«uator 6 and to control the depth of 
insertion of the sharp point 2 of the electrode 1. In one embodiment, for example, when the 
electrical therapy system is used to provide percutaneous neuromodulation therapy, the 
predetermined electrode depth is 3 cm. Other electrode depths may be used, of course, 
depending on the intended appUcation and therapy. 

After insertion, the housing 4 and the actuator 6 (which have heretofore acted 
as an electrode introducer) can be removed, as shown in Figure ID. The electrode 1 can be 
comtected to a control unit 10 via a conductor or cable 16. For use with PNT. the contro 
unit 10 can supply a current-regulated and cutrent-balanced waveform with an ampUMde of 
up to approximately 20 mA. a frequency between approximately 4 Hz and 50 Wz, and pulse 
width of between approximately 50 ^sec and 1 msec. Other electdcal wavefonns ha^g 
other parameters may be used, of course, depending on the therapy to be provided. Also, 
while Figure IE shows only one electrode comtected to the control mut, it should be 
miderstood that a plurality of electrodes may be comtected to a single control umt. 

After completion of the electrical therapy, the electrode assembly can be 
mtdeployed. In an embodiment shown in Figure IF, the aperture 5 of housmg 4 is placed 
over the handle portion 11 of elecfrode 1. Housing 4 may be the same housing used to 
deploy and insert the electrode (i.e.. the electtode introducer), or it may be an entirely 
different assembly (e.g.. an electrode remover). Tlte sharp point 2 of electiode 1 ts then 
drawn into housing 4 of sharp point protection assembly 3 by moving activator 6 proxm.ally, 

as shown in Figure IG. 

Figures 2A-E are block diagrams showing another embodunent of the 
invention In one aspect of tius embodiment, a contiol unit 10 is comiected to an electrode 
12 within an electiode assembly 13 via a conductor 16. As above, for use with PNT, the 
oontiol unit 10 can supply a cmrent-regulated and cmrent-balanced waveform wtth an 
ampUtiade of up to approximately 20 mA, a frequency between approximately 4 Hz and 
Hz and pulse width of between approximately 50 psec and 1 msec. In other embodmtents. 
fte' control unit 10 can supply electtical current having other characteristics. As shown m its 
undeployed state in Figure 2A and in its uninserted stated in Figure 2B. the system can 
include a housmg 18 surrounding the sharp point 20 of electiode 12 when the electrode pomt 
20 has not yet been inserted through the patient's skin 22. 
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To begin deployment, a distal face 21 of the housing 18 is placed against the 
patient's skin 22, as shown in Figure 2B. As with the previous embodiment, this action 
supports the housing 18 with respect to the patient's skin, thereby controlling the angle 
between the housing and the patient's skin. The sharp point 20 of electrode 12 is then 
inserted through an aperture 24 into the tissue underlying the patient's skin by moving an 
actuator 19 distally, as shown in Figure 2C. As it moves, the actuator 19 (and therefore the 
electrode 12) is supported by the housing 18 to control the angle at which the electrode 
enters into the patient's tissue. 

The actuator 19 may be part of the electrode assembly 13 or a separate 
component of the system. The actuator 19 may also have a limit stop element 23 that 
cooperates with a limit stop area 17 of housing 18 to limit distal movement of actuator 19, 
thereby controlling the depth of insertion of electrode 12. In one embodiment, for example, 
when the electrical stimulation system is used to provide percutaneous neuromodulation 
therapy, the predetermined electrode depth is approximately 3 cm, although other electrode 
depths may be used depending on the application. The control unit 10 may then provide the 
appropriate therapy to the patient through the electrode 12 and any other electrodes 
connected to it. 

During undeployment, the actuator 19 can draw the electrode 12 back 
proximally into the housing 18. After the electrode 12 is removed from the patient's skin, 
the housing 18 of sharp point protection assembly 14 once again surrounds the sharp point 20 
of the now uninserted electrode 12, as shown in Figures 2D and 2E. The actuator 19 helps 
enable this operation to occur without ever exposing the sharp point 20 of the electrode 12 
when the sharp point 20 is no longer in the patient. In fact, the operator of the electrode 
assembly never sees the sharp point 20 of the electrode 12. Thus, sharp point protection 
assembly 14 shields the potentially contaminated portion of the undeployed electrode 12 and 
protects the patient's caregiver or other bystander from unintended contact with the sharp 
point 20 of the electrode 12 before, during and after electrical therapy. 

While Figures 2A-E show the electrode connected to the control unit prior to 
deployment and insertion of the electrode into the patient's skin, the connection between the 
control unit and the electrode could be made during deployment or after insertion. Also, 
while Figures 2A-E show only one electrode connected to the control unit, it should be 
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understood that a pluraJ% of electrodes may be connected to a single control unit, as called 
for by the desired electrical stimulation treatment. 

To use the percutaneous electrical therapy systems of Figures lA-G and 
Figures 2A-E to treat a patient, one or more electrodes are inserted through the patient's skin 
into the underlying tissue. As an example, to treat low back pain using PNT with unipolar 
electrodes, an array or montage such as that shown in Figure 3 may be used. The "T12" - 
"SI" designations refer to the patient's vertebrae. The control unit or generator supplies 
current pulses between pairs of electrodes for durations of a few minutes to several hours, 
preferably delivering the current-regulated waveform described above. Thirty-minute 
treatments are recommended in the Ghoname et al low back pain treatment articles. 

Figures 4-12 show a system in accordance with another embodiment of this 
invention. An electrode assembly 30 can include a base 32, an electrode 34, and a plunger or 
actuator 36. The base 32 can have a flange or flared end 44 that is adapted to make contact 
with a patient's skin. The base 32 may be formed from any suitable polymer or metal, such 
as a high-density polyethylene (HOPE). The base 32 can be opaque so that the electrode 34 
cannot be seen by a needle-shy patient. 

The actuator 36 fits within a housing portion 40 of base 32 in a slidable 
arrangement. A locking assembly can prevent relative movement between the actuator 36 
and the housing 40 of the base 32. In one embodiment, the locking assembly of the actuator 
36 has integrally-formed resihent detents 48 on its exterior cylindrical surface. In the 
undeployed state of electrode assembly 30, the detents 48 mate with corresponding openings 
50 in the base 32 to hold the actuator 36 and the base 32 in place with respect to each other 
to prevent the electrode 34 from moving outside of the protective housing 40 of the base 32, 
thereby providing sharp point protection. In other embodiments, mechanisms other than the 
detent and opening arrangement may be used to hold the actuator and base in place. 

In one embodiment, the electrode 34 can include a 3-cm long 32-gauge 
stainless steel needle. Other sizes and materials may be used for the electrode 34, of course, 
without departing from the scope of the invention. The actuator 36 can be formed from 
HDPE as well, although other suitable materials may be used. 

The electrode 34 can have a larger-diameter handle 52 at its proximal end. The 
handle 52 can fit within a channel 54 formed within the actuator 36. The channel 54 can 
have a narrow opening 56 at its distal end, with a diameter slightly larger than the diameter 
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of electrode 34 but naSver than the diameter of handle ^^o hold electrode 34 in place 
within the actuator 36 after initial manufacture and assembly. In the undeployed state shown 
in Figure 7, the sharp point 38 of electrode 34 is disposed within housing portion 40 of base 
32, specifically, within a narrow channel 42 of the housing 40. 

To deploy one or more electrode assemblies on a patient in order to provide 
electrical stimulation therapy (such as PNT), die distal surface 46 of the flange portion 44 of 
the base 32 can be mounted on the desired site on the patient's skin, preferably with a 
compressible adhesive pad (not shown) surrounding a ring 43 extending downward from 
surface 46 around an aperture 41 formed at the distal end of channel 42, although other 
means of attaching base 32 to the patient may be used as appropriate. This action aligns the 
base 32 with respect to the patient's skin. The flange portion 44 of the base 32 provides 
extra stability for the electrode assembly during electrode insertion and use. 

A coupler or actuator tool 60 can be used to both insert the electrode and 
connect the electrode electrically with a control unit 62. The coupler 60 and the electrode 
assembly 30 can also interact to provide the sharp point protection assembly of this 
embodiment. When the distal end of the coupler 60 is placed against the proxunal ends of 
the base 32 and the actuator 36, the exposed proximal end 64 of the electrode handle 52 
makes electrical contact with a contact surface 66 within the coupler 60. The contact surface 
66, in turn, can be electrically connected to the control unit 62 via a cable or other conductor 
68. 

The coupler 60 can have two oppositely disposed pegs 70 extending outwardly 
from the distal portion of its cylindrically surface. The pegs 70 can mate with two 
corresponding slots 72 in the actuator 36 and with two corresponding grooves 74 in the base 
32. The second of the two slots 72 and the second of the two grooves 74 are each opposite 
the slot 72 and groove 74, respectively, shown in Figures 4 and 5. When connecting the 
coupler 60 to the electrode assembly 30, the pegs 70 move along longitudinal portions 76 of 
the slots 72 and along longitudinal portions 78 of the grooves 74. Concurrently, the exposed 
distal end 64 of the electrode handle 52 begins to make sliding contact with the contact 
surface 66 of actuator tool 60 to create the electrical connection between coupler 60 and the 
electrode 32. 

The coupler 60 can be rotated clockwise (looking down on the assembly), after 
the pegs 70 reach the end of the longitudinal portions 76 and 78. Accordingly, the pegs 70 
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move into short circumierential portions 80 and 82, respectively, of the slots 72 and the 
grooves 74. The length of the circumferential portions 80 of the slots 72 is less than the 
length of the circumferential portions 82 of the grooves 74. Continued movement of the pegs 
70 along the circumferential portions 82 will therefore move the pegs 70 against the ends 81 
of the circumferential slots 80. Further clockwise rotation of the coupler 60 will cause the 
actuator 36 to rotate clockwise as well, thereby moving the detents 48 out of the openings 50 
and allowing the electrode 34 and the actuator 36 to move with respect to base 32. 

Second longitudinal portions 84 of the grooves 74 can be formed in base 32 at 
the end of circumferential portions 82. Movement of the pegs 70 distally along the second 
longitudinal portions 84 pushes the pegs 70 against the distal edges of the circumferential 
slot portions 80, thereby moving the actuator 36 and the electrode 34 in a controlled fashion 
distally toward the patient's skin 22. 

As it moves, the electrode 34 passes through the chaimel 42, and the sharp 
point of electrode 34 moves out through aperture 41. The chaimel 42 and the actuator 36 
provide axial support to the electrode 34 during this forward movement and also, along with 
the support provided by the flange 44, provide entry angle guidance to the electrode 34. In 
addition, downward pressure on the patient's skin during electrode deployment can compress 
the compressible adhesive pad and press the ring 43 against the patient's skin 22, which 
helps ease electrode entry through the skin and also lessens the insertion pain experienced by 
the patient. 

The aligrmient of the base 32 with respect to the patient's skin and the 
controlled movement of the actuator 36 and the electrode 34 within the base 32 can control 
the angle at which die electrode enters the tissue underlying the patient's skin. Distal 
movement of the electrode 34 and its actuator within the base 32 can continue until a distal 
surface 86 of a cylindrical cap portion 92 of the coupler 60 meets an annular surface 88 of 
housing 40. At this point, the sharp point 38 of the electrode 34 has extended a 
predetermined depth into the tissue underlying the patient's skin. In one embodiment, this 
predetermined depth is approximately 3 cm, and the depth can have other values depending 
on the treatment to be performed. 

The electrode assembly 30 can also include a deployed electrode holding 
mechanism. In one aspect of this embodiment, an interference fit between the inner surface 
of channel 42 and the outer surface 55 of chaimel 52 performs this function. 
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Electrical stimulation treatment may begin once the electrodes have been 
deployed and inserted. The control unit 62 can supply stimulation current to the electrodes, 
e.g., in the manner described in the Ghoname et al articles. The electrical waveform 
provided by the control unit depends on the application. For example, in one embodiment, 
the control imit 62 can provide a current-regulated and current-balanced waveform with an 
amplitude of up to approximately 20 mA, frequency between approximately 4 Hz and 50 Hz, 
and pulse width of between approximately 50 ^sec and 1 msec. In other embodunents, the 
control unit 62 can provide electrical current at other frequencies. 

The interaction of the coupler 60 and the base 32 can provide stability to the 
electrode 34 and its electrical connection to the control unit during treatment by holding the 
electrode in place, by providing strain reUef for tugging forces on the cable 68, and by 
providing a robust mechanical connection. It should also be noted that in one aspect of these 
embodiments, the sharp point of the electrode 34 is not exposed to the operator or to any 
other bystander at any point during deployment and use of the electrode assembly. 

After treatment has been completed, the electrode may be removed from the 
patient. To do so, the coupler 60 can be moved proximally away from the patient. As the 
pegs 70 move proximally along the longitudinal portions 84 of the grooves 74, the pegs 70 
push against the proximal edges of the actuator's circumferential slot portions 80, thereby 
moving the actuator 36 and the electrode 34 proximally as well. When the pegs 70 reach the 
proximal end of the longitudinal groove portions 84, the sharp end 38 of the electrode 34 is 
out of the patient and safely inside the housing 40 of the base 32. Counterclockwise 
movement of the coupler 60 moves the pegs 70 along the circimiferential portions 80 and 82 
of the slot 72 and the groove 74, respectively. Because the circimiferential portion 80 is 
shorter than the circimiferential portion 82, this counterclockwise movement will tum the 
actuator 36 counterclockwise. 

At the limit of the counterclockwise movement, the detents 48 move back into 
the openings 50 to prevent fiuther movement of the electrode and the actuator with respect to 
the base 32. Further distal movement of the coupler 60 moves the pegs 70 distally along the 
longitudinal portions 76 and 78 of the slot 72 and the groove 74, respectively, to disconnect 
the coupler 60 from the electrode assembly 30. The base 32 can then be removed from the 
patient. 



(33734-8004/revisedapplication.doc] 



-13- 

,4 



12/29/00 



adhesive u), «i in one aspect 

r - 

4sploym»< "i" i„ie a generally ^jjletjoe?^!^— ..,cany 

««t members , ^be conflgu^^ include a 

'^^ •""': I o!uple.60. " coupler 60 can 

: »PW«*'V fto-" '^^ '"'^ I'o AS shown *»^'^='''Xi„Mdual cables 

a bers 65 o»the supp0«»="*" w example. «>-e» Serfs sp«e, 

a ::::Ues30a.o».epa»^;^J^^,,,.oro«so.eac.^ 

t leo.ed.o*epa.eniat «^ ^^^^,^„„„.s,o,«^^^^^ ^^^^ 

I :ee«Sase«=--*ti;.**epa.erfssp^^^^ 
^ ii^Hvatcanbeaiig* .v,p oractitiofter to ^ .;rpd v^it^ 

67 (F.^= » * e5 can g-^e *e l^a ^^^^^^ 

it couplets effectiveness of *e 

^pponeicaninoreas -^'^ , 



^coodeintol'^'*'" describe* ^,,f as cathodes. 

assembUesSOb-SOi'"^ ^^,62canpr«v*=''"" ^ fteqaency beW< 

. +rpat the patiew ^ ' anoaratus m ^'^ . ...-er and an augi" 

Hvsec.totreatin n 22 iU^istiate „ electrode mtroducer 

Figures 13-22 ^^ditnent, an electr ^^^^^ ^^sseffiO y 

0 polystyieive ass ^^^a in housing l^^- , ^ „ twelve-position ^at 

"t:^ ^ Ca 1 °^ " : I eUc.»ae 

electrode W^- The diameter of a wer portion . e 

cihle material. The ai<u ^o^/er p ^ ^ groove 

handle 107, to. ^-o-"^' 



108, the opening 106 of a magazine chamber 115 is lined up with the aperture 117 of the 
introducer 100, as shown in Figures 14 and 15. 

A slide member 109 is disposed on a rail 110 formed in the housing 104. 
Extending longitudinally downwardly from the slide member 109 is a drive rod 111, and 
extending longitudinally upwardly from the slide member 109 is a gear rack 120. The teeth 
of the gear rack 120 cooperate with the teeth on a rotational gear 122 mounted about a shaft 
124 extending into a shaft mount 126 formed in the housing 104. A second set of teeth are 
mounted on a smaller diameter rotational gear 128 (shown more clearly in Figure 16) which 
is also moimted about the shaft 124. The gears 122 and 128 rotate together about the shaft 
124. 

The teeth of the smaller diameter gear 128 mesh with the teeth of a second gear 
rack 130 extending from a longitudinally-movable actuator 132. A spring 134 mounted 
between the actuator 132 and a spring platform 136 biases the actuator 132 away from the 
housing 104. 

To deploy the electrode assembly of this embodiment, a flexible and 
compressible annular patch 140 is placed on the patient's skin at the desired site, preferably 
with an adhesive (not shown). For example, to treat low back pain using PNT, the 
arrangement or montage shovm in Figure 17 may be used. In this montage, five electrodes 
serve as cathodes and five serve as anodes. 

As shown in Figures 19 and 20, the patch 140 has an annular rigid member 141 
disposed in its center and extending upwardly from it. The rigid member 141 has a smaller 
diameter opening 142 leading to a larger diameter opening 144. The diameter of the opening 
142 is slightly smaller than the lower wide portion 1 14 of the handle portion 107 of the 
electrode 102 and slightly larger than the diameter of the central portion 113 of handle 
portion 107 of the electrode 102. 

After the patch 140 is in place, the distal end of the introducer 100 is placed 
against the patch 140 so that the introducer aperture 117 surrounds the upwardly extending 
portion of rigid patch member 141, as shown in Figure 18. This interaction aligns the 
opening 116 of one of the introducer's magazine chambers 115 with the opening 142 of the 
rigid member 141 and helps control the electrode's angle of entry, as shown in Figure 19. 
Downward pressure on the introducer 100 compresses the patch 140, thereby causing the 
upper surface of the rigid member 141 to engage a lower surface of the magazine 103, and 
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pressing the rigid member 141 downward into the patient's skin 22. This pressure on the 
patient's skin around the insertion site can reduce the pain caused by inserting the electrode. 

Depressing the actuator 132 moves the gear rack 130 distally, which causes the 
gears 128 and 122 to rotate. Because the diameter and tooth coimt of the gear 128 differ 
from the diameter and tooth count the gear 122, the gear rack 120 moves longitudinally a 
much greater distance than the corresponding longitudinal movement of the gear rack 130. 
This feature enables the electrode to be inserted its required distance into the patient's skin 
using only a comparatively small movement of the operator's thumb. Distal movement of 
the gear rack 120 is guided by the movement of the slide member 109 along the rail 1 10. 

As the slide member 109 moves distally, the drive rod 111 moves into a 
magazine chamber 115 until the distal end of the drive rod 111 engages the top surface of the 
electrode's handle portion 107, As shown in Figure 20, further distal movement of the drive 
rod 111 pushes the electrode 102 downwardly so that the sharp point 108 of the electrode 
102 leaves the introducer housing and enters the patient's skin 22 and the tissue beneath the 
skin. The chamber 115 provides axial stability to the electrode 102 during insertion. 

When the top portion 112 of the electrode handle portion 107 leaves the 
smaller diameter portion 118 of the magazine chamber 115, it enters the larger diameter 
portion 1 19 of the chamber 1 15. At this point (shown in Figure 21), because the diameter of 
chamber portion 119 is wider than the diameter of the electrode handle 107, the electrode is 
no longer attached to the introducer 100. 

Continued downward movement of the actuator 132 and the drive rod 111 
pushes the lower larger diameter portion 1 14 of the electrode handle 107 through the smaller 
diameter portion 142 of rigid member 141 by compressing the handle portion 114. Further 
downward movement pushes the handle portion 114 into the larger diameter portion 144 of 
the rigid member 141 so that the rigid member's smaller diameter portion lies between the 
larger diameter portions 112 and 114 of the electrode handle 107. This interaction holds the 
electrode in place in the patient's tissue and helps provide depth control for electrode 
insertion. In this embodiment, the preferred depth of the electrode's sharp point 108 is 
approximately 3 cm, although the electrode may be inserted to other depths depending on the 
treatment to be performed. The slider member 109 also acts as a limit stop at this point when 
it engages the limit stop area 145 of housing 104, thereby also controlling electrode insertion 
depth. 
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The magaSe 103 can be rotated to a new ins^n position and placed against 
an empty patch 140 after insertion of each electrode untU all electrodes have been deployed 
and inserted. A suitable electrical comiector 148, such as an alligator cUp, can be electricaUy 
comiected to electrode 102 through an aperture (not shown) formed in the upper larger 
diameter portion 112 of electrode handle 107 to provide electrical commmiication between a 
control unit 150 and electrode 102 via a cable or other conductor 149, as shown in Figure 22. 
The patch 140 can provide strain reUef for the electrode 102 by preventing tugging forces on 
the cable 149 from dislodging the electrode from the patient, thereby helping keep the 
electrode in place. In one aspect of this embodiment, the sharp point of the electrode is not 
exposed to the operator or bystander at any point during the electrode deployment, insertion 

and electrical therapy treatment processes. 

The control unit 150 supplies stimulation current to the electrodes, e.g., in the 
mamier described in the Ghoname al. articles. Once again, the electrical waveform 
provided by the control unit depends on the application. For example, in an embodiment of a 
system providmg percutaneous neuromodulation therapy, the control unit 150 can provide a 
current-regulated and current-balanced waveform with an amplitude of up to approximately 
20 mA, frequency between approximately 4 Hz and 50 Hz, and pulse width of between 

approximately 50 ^isec and 1 msec. 

In an alternative embodiment, the lower wide portion of the electrode handle 
can be formed from a rigid material and can have rounded camming edges. The central 
amiulus of patch 140 in this alternative embodiment is either compressible or has a resiUent 
camming opening under the camming action of the electrode handle. 

Figure 23 is a top isometric view of a coupler support 200 that supports or 
carries couplers 260 in accordance with another embodiment of the invention. In one aspect 
of this embodiment, the coupler support 200 includes a support member 220 and ten 
engagement members 240 positioned at coupler locations of the support member 220. Each 
engagement member 240 can removably support one of the couplers 260. hi one aspect of 
this embodiment, the couplers 260 can be generally similar to the coupler 60 described above 
with reference to Figures 4-12. Alternatively, the coupler 260 can have other configurations, 
such as the configuration disclosed in co-pending U.S. Application No. 09/666,931, entitled 
"Method and Apparatus for Repositioning a Percutaneous Probe," incorporated above by 



[33734-8004/revisedapplication.doc] 



-18- 



12/29/00 



svnoodiments, the coupler can have otner c 



reference. In other ekioodiments, the coupler can have otner configurations, for example, 
those described below with reference to Figures 27-30. 

When the couplers 260 are generally similar to the couplers 60 described above 
with reference to Figures 4-12, each engagement member 240 can have columnar or post 
shape and can be removably received in a downward facing aperture of the coupler 260. The 
engagement member 240 can extend a sufficient distance upwardly into the aperture of the 
coupler 260 to firmly support the coupler 260 relative to the support member 220. In other 
embodiments, the engagement member 240 can have other configurations (for example, 
when the coupler has other configurations), as described below with reference to Figures 26- 
30. 

The coupler support 200 can include links 250 between the support member 
220 and each coupler 260. In one aspect of this embodiment, the links 250 can include 
electrical cables to transmit electrical signals to the couplers 260 and to the patient or 
recipient to whom the couplers 260 are attached. In other embodiments, the links 250 can 
have other configurations, as described below with reference to Figures 27-30. In any of 
these embodiments, different links 250 can have different lengths to aUow the corresponding 
coupler 260 to be coupled to the appropriate site on the recipient. Altematively, each link 
250 can have the same length, so long as the length is sufficient for each coupler 260 to be 
coupled to the proper site on the recipient. For example, in one embodiment, a single 
support member 220 with a single set of links 250 can be compatible with recipients ranging 
in height fi"om about 4.5 feet to about 6.5 feet. 

When the links 250 include electrical cables, each link 250 can enter the 
support member 220 at an entry attachment point 223. The links 250 can then pass through a 
cable channel 212 of the support member 220 and exit the support member 220 at an exit 
attachment point 224. The links 250 can be bimdled together to form a bundled link 251 that 
can be attached to an electrical connector 252 for coupling to a source of electrical potential. 

In one embodiment, the support member 220 can include an upper portion 210 
bonded to a lower portion 211. The upper portion 210 can include the cable channel 212 and 
the engagement members 240. The support member 220 can be formed by molding the 
upper portion 210, inverting the upper portion 210, and laying a cable hamess (which 
includes the bundled link 251 and the individual links 250) into the cable channel 212. The 
lower portion 211 can be attached to the upper portion 210 (for example, in an overmold 
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process) to fix the harness into the support member 220. In other embodiments, the coupler 
support 200 can be formed with other techniques. In any of these embodiments, the support 
member 220 can include a flexible, soft durometer, bio-compatible, thermoplastic 
elastomeric material, such as Sanoprene®, available from Advanced Elastomeric Systems of 
Akron, Ohio. Accordingly, the support member 220 can conform to the shape of the 
recipient's body, as described below with reference to Figure 24. 



and the positions of the engaging members on the support member 220 can be configured to 
aid the practitioner in connecting each coupler 260 to the correct corresponding coupling site 
on the recipient's body. For example, when the coupler support 200 is configured to 
administer electrical therapy to the recipient's back, the support member 220 can have an 
axial elongated portion 221 aligned with a central axis 270. The support member 220 can 
further include two transverse elongated portions 222 (shown as a first transverse elongated 
portion 222a and second transverse elongated portion 222b) arranged transverse to the 
central axis 270. In one aspect of this embodiment, the coupler support 200 generally and 
the elongated portions 221, 222 in particular can be configured to be spaced apart from 
corresponding coupling sites on the recipient's back, so as not to interfere with the operation 
of attaching the couplers 260 to the recipient. For example, in one embodiment, the axial 
elongated portion 221 can have a length of about 11 inches ± 0.25 inch (measured from the 
exit attachment point 224). The transverse elongated portions 222a, 222b can have lengths 
of about 6.8 inches and about 7.5 inches, respectively, ± 0.25 inch. In other embodiments, 
the elongated portions 221, 222 can have other dimensions. In any of these embodiments, 
each coupler 260 can be positioned proximate to its corresponding coupling site to aid the 
practitioner in connecting the couplers with the appropriate coupling site, as described below 
with reference to Figure 24. 



200 (shown in phantom lines) placed in position on the back of a recipient. For purposes of 
clarity, the coupler support 200 is shown schematically in Figure 24 without the couplers 
260. In one aspect of this embodiment, the central axis 270 of the coupler support 200 is 
aligned with a body longitudinal axis 271 (such as the spine) to position the coupler support 
200 proximate to a coupling area 280 on the recipient. The coupling area can be on the 
recipient's back (as shown in Figure 24) or, altematively the coupling area can be on the 
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In a fiirther aspect of this embodiment, the shape of the support member 220 



Figure 24 is a partially schematic, top isometric view of the coupler support 
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recipient's neck, head, leg or other body part. When the coupler support 200 is in position 
on the coupling area 280, the elongated portions 221, 222a and 222b can flex to conform to 
the shape of the recipient's body in the coupling area 280. Accordingly, the coupler support 
200 can be less likely to be dislodged from the recipient's body and can more accurately 
align the couplers 260 with the appropriate portions of the coupling area 280. 

The coupling area 280 includes a plurality of coupling positions or sites 281 
(shown as 281a-j) at which a corresponding plurality of electrode assemblies 230 (shown as 
230a-j) are attached. In one embodiment, the electrode assemblies 230 are arranged in 
cathode/anode pairs with five circuits formed by electrode assembly pairs 230a and 230b; 
230c and 230d; 230e and 230f; 230g and 230h; and 230i and 230j. Once the coupler support 
200 is in position on the recipient's back, each engagement member 240 (shown as 240a-j) is 
positioned proximate to its corresponding electrode assembly 230a-j. For example, those 
engagement members 240 that are to be coupled with electrode assemblies 230 close to the 
body longitudinal axis 271 are positioned close to the central axis 270 of the coupler support 
200. Those engagement members 240 that are to be coupled with electrode assemblies 230 
further away from body longitudinal axis 271 are positioned further away from the central 
axis 270 of the coupler support 200. Accordingly, many of the couplers 260 are positioned 
closer to the one corresponding electrode assembly 230 to which that coupler 260 is to be 
connected than to any other electrode assembly. As a result, practitioners will be less likely 
to link the couplers 260 to the incorrect electrode assembly 230. 

Figure 25 is a top plan view of the coupler support 200 with the couplers 260 
removed so that the tops of the engagement members 240a-j are visible. In one aspect of this 
embodiment, the engagement members 240a-j can be marked to indicate which circuit the 
corresponding couplers 260 are connected to. For example, the engagement members 240a 
and 240b can be marked with a numeral "1" to indicate that the couplers 260 removed from 
these engagement members are connected to the recipient to form circuit number "1." An 
advantage of this arrangement is that if die control unit 62 (Figure 9) indicates that circuit 
number "1" is faulty or defective, the practitioner can easily narrow the field of potentially 
faulty couplers 260 to the two couplers 260 removed from engagement members 240a and 
240b. 

In another aspect of this embodiment, the coupler support 200 can include 
other features to further aid the practitioner in attaching the couplers 260 to the correct 
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coupling site 281. For example, the engagement member 24Ua'can be can be ofifset to the 
right side of the central axis 270 and the engagement member 240b can be ofifset to the left 
side of the central axis 270 so that the practitioner will be more likely to connect the 
corresponding couplers 260a, 260b (Figure 24) to the appropriate coupling site 281a, 281b. 
In a further aspect of this embodiment, the engagement members 240a, 240e, 240f, 240i and 
240j positioned on the right side of the central axis 270 can have a different color than the 
engagement members 240b, 240c, 240d, 240g and 240h positioned on the left side of the 
central axis 270. As is also shown in Figures 24 and 25, the overall shape of the coupler 
support 200, and in particular, an outline defmed by the positions of the engagement 
members 240, is generally similar to an outline defined by the positions of the coupling sites 
281. In other embodiments, for example, when the coupler support 200 is configured to rest 
on the recipient's leg, neck or head for therapy to these regions, the outline defmed by the 
engagement members can also correspond to the outline defmed by the coupling sites. In 
any of these embodiments, the relative longitudinal and lateral locations of the engagement 
members 240 can correspond at least roughly with the relative longitudinal and lateral 
locations of the coupling sites 281 on the recipient's body. 

Figure 26 is a top isometric view of a portion of a coupler support 300 having a 
transverse elongated portion 322a with an engagement member 340 in accordance with 
another embodiment of the invention. The overall shape of the coupler support 300 can be 
generally similar to that described above with reference to Figures 23-25. In one aspect of 
this embodiment, the engagement member 340 can include an aperture 341 positioned to 
receive the housing of a coupler, such as the coupler 260 described above with reference to 
Figure 23 or the coupler 60 described above with reference to Figures 4-8. In still a fiirther 
aspect of this embodiment, the engagement member 340 can include a pair of entrance slots 
342 positioned to receive the pegs 70 (Figure 5) of the coupler 60. Once the pegs 70 have 
been moved into the entrance slots 342, the coupler 60 can be rotated clockwise to move the 
pegs 70 into transverse locking slots 343. Accordingly, an advantage of this arrangement is 
that it can securely, yet removably, engage the coupler 60. 

Figure 27 is a top isometric view of a portion of a coupler support 400 having a 
transverse elongated portion 422a with an engagement member 440 in accordance with 
another embodiment of the invention. In one aspect of this embodiment, the engagement 
member 440 can include an aperture 441 configured to receive a clamping coupler 460, such 
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as an alligator clip. TKe clamping coupler 460 can be attacned directly to a percutaneous 
acupuncture needle 402 or another percutaneous or transcutaneous device. When the 
clamping coupler 460 is not attached to the needle 402, it can be removably positioned in the 
aperture 441 while remaining connected to an electrical link 450, such as a cable. In an 
altemate arrangement shown in Figure 28, the coupler support 400 can include an 
engagement member 440a having a post shape. In one aspect of this embodiment, the 
clamping coupler 460 can be clamped to the engagement member 440a to support the coupler 
460 relative to the coupler support 400. 



and 28, the clamping coupler 460 can be attached to a percutaneous electrode, such as the 
electrode 102 described above with reference to Figure 22. Altematively, the coupler 460 
(or other couplers) can be attached to a transcutaneous electrical nerve stimulation system. 
In still a further embodiment (shown in Figure 29), a clamping coupler 660 can be clamped 
to a diagnostic electrode, such as a patch electrode or an EMG needle electrode 630 of the 
type available from SLE of South Croydon, England. A plurality of the couplers 660 (one of 
which is shown in Figure 29) can be connected to a support 600 (shown schematically in 
Figure 29) in a configuration generally similar to that described above with reference to 
Figure 23 and/or Figure 11. The support 600 can be connected with a bundled link 651 to a 
care unit 690. The care unit 690 can include a diagnostic instrument that receives electrical 
signals from the coupler 660, rather than providing electrical signals to the coupler 660. 
Accordingly, the support 600 can aid the practitioner in coupling the plurality of couplers 
660 to the correct corresponding electrode 630. 



practitioner in delivering medicament to a plurality of coupling sites on the recipient in 
accordance with another embodiment of the invention. Accordingly, the coupler support 700 
can include a plxirality of medicament links 750 (one of which is shown in Figure 30), such 
as a length of drug delivery tubing. Each link 750 can include a coupler 760 for attaching to 
a needle or other drug delivery device 730 inserted into the recipient. The individual 
medicament links 750 can be bundled together to form a bundled link 751 which is 
connected to a care unit 790. The care unit 790 can include a pump, drip bag, or other 
arrangement for providing liquid medicament to the coupler support 700 and the recipient. 
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In one aspect of the embodiments described above with reference to Figures 27 



Figure 30 is a partially schematic view of a coupler support 700 that can aid the 




A feature oi embodiments of the coupler support arrangements described above 





with reference to Figures 1 1 and 23-30 is that the supports are configured to position the 
couplers proximate to the appropriate coupling location. Accordingly, practitioners, 
including relatively inexperienced practitioners, can be less likely to connect the couplers to 
an incorrect coupling location. An advantage of this arrangement is that the couplers can 
provide more reliable and/or more efficacious therapy and/or diagnostic information. A 
further advantage is that the practitioner can more quickly connect the couplers to the 
recipient, increasing the efficiency with which the practitioner can provide therapy and/or 
diagnostic information. 



above is that a single support can accommodate a wide variety of applications. For example, 
a single support can be used with recipients ranging in height from about 4.5 feet to about 6.5 
feet, as discussed above. A single coupler support can also be used with recipients having a 
wide variety of body shapes. Still further, a single coupler support can be positioned on 
recipients having a variety of postures. For example, a single coupler support can rest on the 
recipient's back whether the recipient is prone, leaning over, or partially upright, while still 
allowing the couplers to be connected to the appropriate coupling locations. 



of the invention have been described herein for purposes of illustration, various 
modifications may be made without deviating from the spirit and scope of the invention. For 
example, the couplers can be connected directly to the recipient rather than being connected 
to an intermediate device such as an electrode (/.^., the electrode can be integrated with the 
coupler). The coupler locations of the support member can include posts or columns, 
apertures, or any other feature that removably carries the couplers. Accordingly, the 
invention is not limited except as by the appended claims. 



(33734-8004/revisedapplicattorLdoc] -24- 12/29/00 



Still a further advantage of embodiments of the coupler support described 



From the foregoing, it will be appreciated that, although specific embodiments 




